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An experimental investigation has been made in the Langley 9- by gijf—'7/

18-inch supersonic flutter tunnel to determine the effects of simulated
engine nacelles and wing-root freedoms on the flutter characteristics.
of a cambered, modified, swept, tapered, semispan wing in the Mach num-
ber range from 1.3 to 3.0. Wing models were tested both with and with-
out two nacelles with the model mount restrained, free to roll, and free
to translate in the vertical direction. Normally, the simulated nacelles
were attached immediately adjacent to the lower surface of the wing at
0.57- and 0.78-semispan stations, based on the exposed semispan, with
the inboard-nacelle center of gravity at the 0.25-chord station and the
outboard-nacelle center of gravity at the leading edge. Part of the
investigation included determining the effects of moving the outboard-
nacelle center of gravity back to the 0.25-chord station and to the
0.50-chord station.

The results indicate that the addition of nacelles at certain loca-
tions on the wing had a favorable effect on the flutter characteristics,
whereas at other locations the effect was less favorable. The intro-
duction of roll freedom and translation freedom in the wing mount proved
beneficial under all conditions tested.

INTRODUCTION

The increased use of concentrated weights, such as engine nacelles,
on highly swept wings has led to considerable interest in a study of
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their effects on the wing flutter characteristics in the transonic and
low-supersonic speed ranges. At the present time, analytical predic-
tions of the flutter behavior of wings with concentrated weights and
wing-root freedoms is uncertain. Therefore, the designer, to a large
extent, must rely on experimentally determined flutter characteristics
of a particular configuration that he may wish to use.

Accordingly, a limited investigation of the effects of concentrated
weights and wing-root freedoms in the Mach number range from 1.3 to 3.0
has been made in the Langley 9- by 18-inch supersonic flutter tumnel by
using semispan models of a proposed bomber-airplane wing. The purpose
of this paper is to present the results of the investigation and to pre-
sent the structural information describing the models.

Results are presented in reference 1 of a similar investigation in

the transonic speed range which was made in the Langley transonic blow-
down tunnel by using a full-span version of similar models.

SYMBOLS
a speed of sound, ft/sec

b wing semichord at 0.7-semispan station, based on exposed
semispan, measured parallel to airstream, ft

c.g. center of gravity

g flutﬁer frequency, cps

B, natural vibration frequency of nth mode, cps

I mass moment of inertia, slug-ft2

1 length of semispan of model, measured from and normal to root
chord (chord at tunnel wall line), ft

m mass, slugs

M free-stream Mach number

q free-stream dynamic pressure, 1lb/sq ft

T free-stream temperature, °R
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y spanwise station, measured perpendicular to root chord from
the root, ft

v mass-ratio parameter (ratio of mass of exposed model to mass
of volume of air contained in the solid generated by
revolving each semichord about its midpoint, the length of
the solid being the wing semispan)

p density of air in test section of tunnel, slugs/cu ft
Wy frequency of vibration of nth mode, radians/sec
- torsional frequency of vibration, radians/sec

APPARATUS AND TEST PROCEDURE

This investigation was made in the Langley 9- by 18-inch supersonic
flutter tunnel which is a conventional, fixed-nozzle, blowdown wind tun-
nel exhausting into a vacuum sphere from a pressure reservoir. The noz-
zle configurations used gave Mach numbers of 1.3, 1.6k, 2.0, and 3.0.

At each Mach number the test-section density varies continuously to a
controlled maximum density, and then decreases. The maximum test-section
dynamic pressure obtainable varies from approximately 3,500 lb/sq ft at
M=1.3 to 3,900 lb/sq ft at M = 1.6k and 2. 0; at M = 3.0, the maxi-
mum test-section dynamic pressure is 2,500 lb/sq ft.

For a given Mach number, the test procedure for all runs was essen-
tially the same. The sphere to which the tunnel exhausts, and the test
section, were pumped down to a pressure of approximately 2 lb/sq in. abs.
The control valve upstream of the test section was then opened and the
test-section density was allowed to increase until flutter was observed
or the maximum density obtainable was reached.

The model-mount system was attached to the head of a ram that was
used to inject and retract the models through one side of the test sec-
tion. The wing was viewed through a window in the opposite side of the
test section. Figure 1 is a photograph of one of the models mounted in
the tunnel. The models were left-hand semispan wings which necessitated
mounting them upside down since the flow is from the viewer's right.

Since the wing models had a cambered airfoll section, it was neces-
sary to fly them at an angle of attack of approx1mately ll to prevent

failure due to lift loads when the model mount wes restrained With the
model mount free to roll or free to translate vertically, the model was
set at the angle of attack (determined by low-density trim runs) required
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to center the wing-root clamp between the upper and lower stops on the
mount. Two preliminary models not discussed in this report were expended
in determining the optimum method of testing the cambered-airfoil models
with mount freedoms.

The actual time for each run was approximately 4 to 5 seconds. A
multichannel oscillograph provided a continuous record of the test con-
ditions and of the behavior of a resistance wire strain-gage bridge
attached to the wing surface., A high-speed (approximately 1,000 frames
per second) l6-millimeter motion-picture camera furnished a record of
the model motions.

MODELS

Nine semlspan wings were used in the present investigation. All
were of the same plan form and airfoil shape, but models 1 to 5 differed
slightly from models 6 to 9 in construction details, the latter group
being weaker and lighter than the former in order to obtain flutter data
at the higher Mach numbers where the maximum tunnel density obtainable
was not sufficient to produce flutter in models 1 to 5.

Geometry

The modified, swept, tapered wing had a L45° sweptback leading edge,
an exposed panel aspect ratio of 1.67, and a taper ratio of 0.15 based
on the wing-body intersection chord. The wing plan form incorporates a
trailing-edge chord-extension over the inboard 35 percent of the semi-
span, as 1llustrated in figure 2. The basic airfoil section of the wing
is a modified NACA 65-series cambered section whose coordinates are pre-
sented in table I. The coordinates for the midspan position are pre-
sented for the wing without the trailing-edge chord~extension. The true
shape of the sections inboard of the 0.35-semispan station are obtained
by fairing a tangent to the upper surface of the wing from the trailing
edge of the extended chords. The plan form was formed by the addition
of a straight-trailing-edge chord-extension to the inboard portion of a
sweptback wing that had a panel aspect ratio of 1.81 and a taper ratio
of 0.161. The modified NACA 65-series cambered airfoil sections of the
swept wing (see table I) inboard of the 0.35-semispan station were fur-
ther modified by fairing a tangent to the upper surface of the wing from
the trailing edge of the extended chords. The streamwise thickness-
chord ratios of the resulting airfoil sections varied from 0.0k at mid-
span to 0.03 at the tip. The wings were 0.022-size, dynamically and
elastically scaled versions of a proposed airplane wing. The model
mounts used established the wing-root boundary conditions but did not
necessarily represent the mass and inertia properties of the fuselage.
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The nacelles used consisted of conical forward and rearward sec-
tions with a cylindrical midsection and simulated the mass and inertia
properties of the nacelles on the proposed wing. The nacelles (fig. 2)
were rigidly attached immediately adjacent to the lower surface of the
wing by means of two screws and were located at 0.57- and 0.78-semispan
stations, based on the exposed semispan. Three nacelle configurations
were tested. For one, considered the normal nacelle configuration, the
inboard-nacelle center of gravity was at the 0.25-chord station and the
outboard-nacelle center of gravity was at the leading edge. For the two
special nacelle configurations, the outboard nacelle was moved back so
that the center of gravity was at either the 0.25- or 0.50-chord station.

|

Construction

| The main load-carrying structure for all the wings (figs. 2 and 3)

h consisted of a single formed-aluminum box spar, stabilized with foam

! plastic, to which perforated webs were attached. Wings 1 to 5 had alu-

x minum ribs, magnolia-wood leading and trailing edges, and a box-spar
wall thickness of 0.0l inch. Wings 6 to 9 did not have any aluminum
ribs, had leading and trailing edges of balsa wood, and & box-spar wall
thickness of 0.005 inch. Low-strength balsa was bonded to the framework
to obtain the desired contour for all nine wings. Wings 1 to 5 were
covered with Japanese tissue and aircraft dope, whereas wings 6 to 9
were covered with Mylar. One of the latter models is shown in figure L.
The simulated nacelles were turned from magnesium rods and were ballasted
by lead weights as indicated in figure 2.

Mounts

Two separate mount assemblies were used in the present investigation.
One mount allowed the wing to roll about the midspan chord and the other
mount allowed the wing to translate vertically. Provision was made on
each mount assembly to lock out the mount freedom. The roll mount assem-
bly is shown in figure 5(a) and the translation mount assembly is shown
in figure 5(b). The base blocks of both mount assemblies were bolted to
a ledge on a ram which permitted injecting and retracting the model
through the tunnel side wall. The wing was secured to each of the mount
assemblies by the model mount, which held the root of the box spar and
its flanges. For the roll mount assembly (see fig. 5(a)), the model
mount was supported by two precision bearings which allowed movement in
the roll direction only. A rearward extension of the model mount passed
between two stop screws that were used either to limit the amount of roll
.. .. or to lock out the roll movement entirely. The mount was held centered
between the stop screws by two soft coil springs attached to the mount
extension and secured to the mount-assembly frame above and below the
beam. Contact with either of the stop screws was indicated through a

L
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set of fouling switches which operated a fouling light outside the tun-
nel and displaced a trace on the oscillograph record of the run. The
model mount on the translation mount assembly (see fig. 5(b)) was
attached to a parallelogram linkage by means of eight small precision
ball bearings. This parallelogram linkage permitted freedom in vertical
translation only. As in the roll mount assembly, stop screws above and
below the model mount limited or restrained the vertical motion; and
contact of the model mount with either of the stop screws was indicated
by fouling switches not visible in the photograph. The model was
centered in the mount by two springs attached to the model mount from
above and below. The model-mount cover plate was common to both mount
assemblies; it provided 1/4-inch clearance around the wing at the root
chord when the wing was centered in the mount and, with the model fully
injected in the tunnel, was flush with the tunnel wall.

Physical Properties

The bare-wing masses and the natural frequencies of the wings under
the various test conditions are presented in table II. The mass and
inertia properties of the basic nacelles used with the various wings are
presented in table ITI. The mass and inertia properties of a wing repre-
sentative of models 1 to 5 are presented in table IV, and the segmented
mass distribution is presented in table V. These'data are from refer-
ence 1 and are presented here for completeness. The mass distribution
of a wing representative of models 6 to 9 is presented in table VI. 1In
working up the mass data for wings 6 to 9 it was decided that it was
desirable to obtain more information on the chordwise mass distribution.
Hence, the wing was divided into four chordwise sections and eight span-
wise stations. Only mass data are presented since the moments of inertia
of the segments may be neglected in a flutter snalysis if the segments
are small enough. Attachment screws not included in the basic nacelle
data shifted the center of gravity rearward 0.03 to 0.0k inch. Typical
node lines for the wings under all the test configurations used are
shown in figure 6. Representative mode shapes, obtained by the method
of reference 2, for the two series of wings with and without the normal
nacelle configuration and with the mount restrained are shown in fig-
ures 7 to 10 as three-dimensional drawings of the deflected models. A
table of normalized deflections at the various locations is presented
with each mode shape. The chordwise divisions inboard of the 0.35-
semispan station are based on hypothetical chord lengths determined by
extending to the root the trailing edge outboard of the 0.35-semispan
station. The wing tip is on the viewer's right when looking from the
trailing edge toward the leading edge.
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RESULTS AND DISCUSSION

General

The results of the tests are presented in table VII except for
model 9 which was destroyed by lifting loads early in the run because
of an incorrect angle-of-attack setting. The natural frequency of vibra-

bw
tion w, wused in the altitude-stiffness parameter ——Q\,p is taken as
a

the frequency of the mode most nearly resembling the first torsion mode.
For the wings with nacelles, w, = wp; and for the wing without nacelles,

(l)a, = 0)5.

Effect of Nacelles

The dynamic pressure at flutter or the maximum dynamic pressure
obtained in tests where the wing could not be fluttered is plotted
against Mach number in figure 11. The small numbers beside each symbol
identify data points in table VII. From this figure it can be seen
that at M = 1.3 and with the wing mount restrained, the addition of
nacelles in the normal configuration raised the dynamic. pressure neces-
sary for flutter from 1,520 1b/sq ft to 2,770 1b/sq ft, an increase of
approximately 82 percent. With the mount restrained, at M = 1.64, the
addition of nacelles in the normal configuration raised the critical
dynamic pressure from 2,263 Ib/sq ft to a value above 3,900 lb/sq ft,
the maximum dynamic pressure obtained at M = 1.64. This is an increase
of at least 72 percent. At M = 2.0 with the mount restrained, adding
nacelles in the normal configuration raised the critical dynamic pres-
sure from 2,530 to 3,488 1b/sq ft, an increase of approximately 38 per-
cent. As a matter of interest, the results of reference 1 indicated
that at M = 0.65 the addition of nacelles to the wing with the mount
restrained increased the critical dynamic pressure by T0 percent. No
flutter was obtained at M = 3.0 with the mount restrained either with
the bare wing or with the normal nacelle configuration up to the maximum
dynamic pressure of approximately 2,400 1b/sq ft.

A limited investigation was undertaken to determine the effect of
shifting the nacelle centers of gravity in the chordwise direction.
Because of the limited number of models available, this portion of the
investigation was confined to moving the outboard nacelle (and, there-
fore, the center of gravity) rearward to the 0.25-chord station at
M = 1.3 with the mount both restrained and free to roll, and to the
0.50-chord station at M = 1.3 and M = 1.64 with the mount restrained
only. From figure 11 it can be seen that at M = 1.3 moving the out-
board nacelle center of gravity from the normal location at the leading
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edge back to the 0.25-chord station lowered the critical dynamic pres-
sure from 2,770 to 2,200 1b/sq ft, a difference of 21 percent. Moving
the nacelle center of gravity rearward to the 0.50-chord station at the
same Mach number further reduced the critical dynamic pressure to

1,800 Ib/sq ft, 35 percent less than the critical dynamic pressure for
the normal nacelle configuration. At M = 1.64, moving the outboard
nacelle center of gravity rearward to the 0.50-chord station reduced
the critical dynamic pressure from a value above 3,800 1b/sq ft for the
normal nacelle configuration to 2,890 lb/sq ft, a reduction of only

2k percent compared with the 35-percent reduction at M = 1.3.

Flutter Boundary

bw,
If the altitude-stiffness parameter ‘—Ji\fu at flutter is plotted
a

against Mach number for the bare-wing condition with the mount restrained,
a flutter boundary is established. This is shown as the upper curve in
figure 12. Further, it is interesting to note that, when p 1is deter-
mined for the wings with nacelles by using the mass of the wing and
nacelles together, the shape of the flutter-boundary curve is essentially
the same as that of the bare wing but lower by approximately 70 percent.
The region below the curves is the flutter region. It should be noted
that, in testing a wing at a particular Mach number in the tumnel, the
flight path approaches the flutter boundary vertically from top to bot-~
tom in figure 12.

Effect of Wing-Mount Freedom

An attempt was made to determine the effect of allowing the wing
mount to have freedom to roll and freedom to translate vertically. From
figure 11 it can be seen that the introduction of either roll or trans-
lation freedom to the wing mount at M = 1.3 raised the flutter dynamic
pressure to a value above the maximum pressure obtainable in the tunnel
for both the bare wing and wing with the normal nacelle configuration.
Introducing roll freedom in the mount for the wing with the outboard
nacelle center of gravity at the 0.25-chord station had negligible effect
on the flutter dynamic pressure: the pressure was raised from
2,200 lb/sq ft for the mount-restrained condition to 2,210 lb/sq ft for
the mount-free-to-roll condition. At M = 2.0, no flutter was obtained
for the wing with the normal nacelle configuration up to a dynamic pres-
sure of 3,620 1b/sq ft with the wing mount free to roll and up to
3,500 1b/sq ft for the wing mount free to translate. These were the
maximm dynamic pressures obtainable. No flutter was obtained at
M = 3.0 under any of the configurations tested.
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CONCLUSIONS

The following conclusions are presented from an experimental inves-
tigation of the effects of simulated nacelles and wing-root freedoms on
the supersonic flutter characteristics of a cambered, modified, swept,
tapered wing at Mach numbers from 1.3 to 3.0:

1. At the Mach numbers M tested with the wing mount restrained,
the addition of nacelles in the normal configuration raised the flutter
dynemic pressure by at least 82 percent at M = 1.3, by at least T2 per-
cent at M = 1.64, and by 38 percent at M = 2.0.

2. With the wing mount restrained, moving the outboard-nacelle cen-
ter of gravity rearward to the 0.25-chord station at M = 1.3 reduced
the flutter dynamic pressure for the normal nacelle configuration by
21 percent. Further movement of the outboard-nacelle center of gravity
rearward to the 0.50-chord station reduced the flutter dynamic pressure
by 35 percent at M = 1.3 and by at least 24 percent at M = 1.6k4.

3. Introduction of either roll or translation freedom to the wing
mount for both the bare wing and the wing with the normal nacelle con-
figuration raised the flutter dynamic pressure to values above the maxi-
mum pressure obtainable in the tunnel for the Mach numbers tested.
Introduction of roll freedom to the mount for the wing with the outboard
nacelle center of gravity at the 0.25-chord station had negligible effect
on the flutter dynamic pressure at M = 1.3,

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 31, 1957.
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TABLE I

STREAMWISE AIRFOIL ORDINATES

[bimensions are in inche%

Root (at midspan) Tip
(a)
Ordinate Ordinate
Abscissa Abscissa
Upper Lower Upper Lower
0 0.005 0 0 0 0
.189 .079 .026 .028 .008 .003
OSTT .118 .030 .057 .012 .003
755 167 .039 .113 .017 .00k
1.132 .197 .0L8 .170 .020 .005
1.509 .216 .056 226 .022 .006
2,264 .238 .073 .340 .025 .008
3.019 oLk .084 453 .025 .009
3774 .23h .083 .566 .02h .009
4.528 .206 .070 679 .021 .007
5.283 .163 .053 .792 .017 .005
6.038 Jd11 .035 .906 .012 .00k
6.792 .056 .018 1.019 .006 .002
7547 .003 .002 1.132 .00% .002

Leading-edge radius: 0.013

Leading-edge radius:

0.001k

‘l‘ i

=t

8Wing without trailing-edge chord-extension.




TABLE II

BARE-WING MASSES AND WING NATURAL FREQUENCIES

UNDER VARIOUS TEST CONDITIONS

Frequency of wing Frequency of wing
Bare- Bare-wing Freqziﬁgloiaziﬁewmh with outboard with outboard
wing frequency, cps configuration, cps nacelle at 0.25- nacelle at 0.50- Mount
Model mass, ’ chord station, cps chord station, cps condition
slugs
fl f2 f3 fl f2 f3 f_h fl f2 f3 fl|. fl f2 f3 fl} (a.)
1 0.002360 101 300 467 69 181 273 c
1 .002360 | P05 | Po7s | Pus6 | 165 | P28 | 275 | 396 R
2 .002200 81 290 467 T2 181 297 | 390 T
3 .002365 105 335 500 Th 188 298 | 410 60 {191 | 290 | 320 C
3 002365 80 180 306 T
I .00213% 1635 | 228 | Par2 | 398 R
5 .002155 69 184 280 | 322 63 | 197 285 | 396 | 60 | 184 | 285 | 303 c
5 .002155 1k2 225 1270 390 R
6 .001990 85 265 1450 58 139 236 | 325 c
T .002130 60 147 240 320 C
8 .002070 89 | 280 | bus6 c
9 .002097 88 277 k70 o}
a'Code used in table is defined as follows:
C model mount restrained
R model mount free to roll
T model mount free to translate

bFrequencies determined with wing-mount assembly clamped to & back stop rather than in the tunnel (model mount free to

roll).

cT

9THLSGT WY VOVN
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TABLE IIX
MASS AND INERTTA PROPERTIES OF NACELLES
WITHOUT ATTACHMENT SCREWS
Outboard nacelle Inboard nacelle
Model
. Mass, slugs Icg’ slug-ft2 Mass, slugs Icg: slug—ft2
1 6.70 x 10°% | 4.75 x 106 | 6.80 x 10* | 14.53 x 10-6
2 6.62 L.75 6.86 .75
3 6.71 .75 6.71 4.96
i 6.83 k.75 6.71 .75
5 6.71 4.75 6.71 .96
6 6.65 4. 96 6.86 4.53
7 6.62 .75 6.86 .75

0 SR
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TABLE IV

MASS AND INERTIA PROPERTIES OF WING REPRESENTATIVE

RS

O

OF MODELS 1 TO 5

Wing-tunnel wall
intersection

@10

§~\.

N\

@

“Typical strip showing
orientation of axes

TN,

_+052|‘_ Spanwise station

/‘@

™\

®
—

—077 k—

NACA RM L5TH16

&—Spar center line

Spar center line

Midspan
(Typical)
c. Se 6 2
Sparwise Mass, location, Ic.g.x 10”7, slug=ft
station slugs in,
x Yy Y-Y X=X
1 0,000584 [ 4.65 | 1.06 12,65 0,32
2 2000448 | 4.80 ] 1,95 7.36 24
3 .000357 15.36 | 2.92 3,69 .19
4 .000298 | 5,76 [ 3.53 2.29 15
5 .000255 | 6442 | 477 1,19 213
6 .000190 ] 6498 ] 5.66 65 11
7 2000149 [ 7,55 | £.62 26 .06
8 .000081 | 8,13 ] 7.49 +08 204
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TABLE V

SEGMENTED MASS DISTRIBUTION OF WING REPRESENTATIVE

OF MODELS 1 TO 5

Wing- funnel wall intersection

/

e Wing segment c.g.

Wwing segment number
S - spanwise station
- chordwise station

y
=
o
ol

s~\ - 32 \ 5|
“0\\ 42 [
jr\\\ \\\SX

13 | 23 | 33 ~
A I 4 \ N
1 43
o | 53
L J
\\J
\T i A 1 A 1 1 i) 1 i I
0 [ 2 3 4 5

Scale, inches

Mass of wing segments (slugs x 106)
Chordwise Spanwise station
station 1 2 3 4 5 6 7 8
1 209.9 | 189.7 | 115.6 99.9 6443 48.1 | 31l.4 10.0
2 207.1 | 154.6 | 142.8 |131.1 |136.7 [105.0 [101.8 | 64.9
3 172.2 | 112,3 | 106.0 37 59.6 39.0 19.5 6.4
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TABLE VI

MASS AND INERTIA PROPERTIES OF WING REPRESENTATIVE
OF MODELS 6 TO 9

\ Wing- tunnel wall intersection

o Wing segment cg.

®
\ 21 Wing segment number
\ [ 4 - spanwise station
| I- chordwise station
3l
®
12
®
22 41
s 4
/ 32
\ ®
®
: ® o 3\3 \
e
® \ 52 6l
43 ® ®
® \
D 62
|
S 53 ® 710
Py 24 34 \ 63\ 729
® ® 44 \ ® \ 8t
| [ 73
® 6a &
® 74\ 830
— | 840
L 1 | - 1 1 1 i 1 1 1 I L 1 - 1 1 |
o] ] 2 3 4 S 6 8
Scdle, inches
Mass of wing segments (slugs x 106)
Chordwise Spanwise station
station 1 2 3 4 5 [3 7 g
1 82,8 | 65.0 | 42.4 | 38.3 | 34.9 | 24.6 | 21.2 | 20.5
2 202.0 | 152.0 |119.7 |101.3 | 85,6 | 63.0 | 46.5 | 23.9
3 156.0 | 117.0 |108.2 | 89.7 | 76.7 | 63.0 | 50.0 | 32.2
4 53.4 | 39.0 | 28,7 | 2.0 | 19,2 | 17.1 | m.6 | 110




TABLE VII E
b=
EXPERIMENTAL RESULTS §
=
\Ji
| E
Data Mount Nacelle fp p T, q, a bw,
point Model condition configuration M cp; slugs/ cu £t OR 1b/sq ft £t/ sec \!I _a_c.V';‘ o
) {a) {a) (a)
1 3 T N 3.00 Q 9.67 x 107 | 601 2,080 691 | 7.4 1.h7
2 3 o N 3.00 Q 9.70 620 2,320 730 7.40 1.45
3 3 c B 3.00 Q 10.00 617 2,400 26 5.81 3,04
Ly b R N 3.00 Q 9.80 623 2,355 31 7.14 1.69
5 I R N 2.00 Q 24.00 566 3,620 869 k.56 .91
6 3 T N 2.00 Q 22.80 578 3,500 877 4.83 .15
7 3 c N 1.64 Q 32.20 56k 3,800 9k2 | 3.53 5L
8 3 c 1/2 1.64 182 24.00 573 2,890 951 4,09 .62
9 1 c N 1.30 | 129 | 33.30 546 2,770 988 | 3.47 48
10 1 c B 1.30 213 18.10 554 1,520 993 4,32 1.54
11 2 T N 1.30 Q 42,00 549 3,490 990 3.48 48
12 2 T B 1.30 Q 40.%0 560 3,430 1,003 2.43 .86
13 . 1 R N 1.30 Q 39.40 565 3,370 1,005 3.19 .66
1h 1 R B 1.30 Q 38.60 560 3,270 1,00% 2.57 .91
15 5 c 1/ 1.30 129 23,40 555 2,200 1,005 k.62 1.0k
16 5 R 1/h4 1.30 130 23,20 555 2,210 1,005 4 .64 1.0k4
17 5 C 1/2 1.30 150 20.20 5644 1,800 1,005 4.33 .60
18 8 c B 1.64 256 19.60 549 2,263 928 3.38 1.26
19 7 C N 1.64 Q 33,10 561 3,900 938 3.38 o)
20 6 c N 2.00 250 | 22.55 579 3,488 881 4.05 49
21 6 c B 2.00 237 16.40 576 2,530 879 4,16 1.61

8Code used in table is defined as follows:

model mount restrained

model mount free to roll

model mount free to translate

maximun dynamic pressure with no flutter

wing without nacelles

wing with normal nacelle configuration

1/4 outboard nacelle center of gravity et 0.25 chord
1/2 outboard nacelle center of gravity at 0.50 chord
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Tunnel _— .
. AEE— .
wall line —— 5795
(Root ~herd) e——— 4|90 ———»
l‘\
AN
4 hY . .
N Tissue covering
\\
————— N
- - %
A AN
5 i
:l',’\ Balsa filler . Shgded areq
: A indicates porﬂon
\\\ 180y
N QG . covere /
] Magnolia d by Nng
mount clamp
—
: o ’ S

= Aluminum spar,
3 \ web, and ribs

1132

i
R
5

270 r Lead weights

) l /’jh

—1 0o ——-T—>— |
t:.675*l 1 20-4 <— — Magnesium Typical rib section

250 —» Section A-A (enlarged)

Typical nacelle installation (enlarged)

Figure 2.- Geometry and construction details of wing model and nacelles. Linear dimensions are
in inches.
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Figure 3.- Photograph of spar-web assembly.
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Photograph of model representative of

L-57-1107
models 6 to 9.
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Figure 5.- Photograph of model mount assemblies.
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(b) Translation mount assembly.

Figure 5.- Concluded.
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Model with normal nacelle configuration

—————— Second mode
— — —— Third mode
— ——— — Fourth mode

(a) Models 1 to 5; model mount restrained.

Figure 6.- Typical node lines for configurations tested.
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Model without nacelles Model with normal nacelle configuration
Translation frequency = 16¢ps Translation frequency = O ¢cps
First mode
——————— Second mode

— == Third mode

(b) Models 1 to 5; model mount free to translate.

Figure 6.- Continued.
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/

Mode! without nacelles Model with normal nacelle configuration
Roll frequency = 25 ¢ps Roll frequency = 10 cps

First mode
_______ Second mode

————— Third mode

(¢) Models 1 to 5; model mount free to roll.

Figure 6.- Continued.
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Model without nacelles

Model with normal nacelle configuration

------ Second mode
— ——— Third mode
—~—~ Fourth mode

(d) Models 6 to 8; model mount restrained.

Figure 6.- Continued.

9THLSGT W VOVYN

Le




-

\.
|
|
|
;’

/I

|

I

I

I

]

!

|

I

|

I

I
!
I
[
!
L

e ————— e e —

/ N TN

A

]

l =
"\/
|

vy

Model with inboard nacelle c.g. at .2% chord

Model with inboard nacelle c.g. at .25 chord
and outboard nacelle c.g. at .50 chord

and outboard nacelle c.g. at .25 chord

——————— Second mode
— ~—=—— Third mode

—-—-~— Fourth mode

(e) Models 6 to 8; model mount restrained.

Figure 6.- Concluded.
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‘Leading edge

Dashed lines indicate undeflected wing
N Heavy solid lines indicate vibration mode

' Fraction of Normalized deflection at y/1 =

chord -
0 | 0,10 (0,30 {0.50 [0.,70 | 0.50 | 1.00
0,00 0 002 | 037 | Ja70) J20| .718] .868
25 0 008 | 067 | .230| 72| o78L .900
+50 0 020 09| 2901 .523| .19L4{ .933
'75 Oms 0035 0159 .3h8 .575 .835 0968
1,00 J00 | 6231 .8721 1.000

Trailing edge| .035 | 075 .212

( a) First mode.

Figure T7.- Representative mode shapes of wings 1 to 5 without nacelles
restrained.

with model mount

9THLGT WY VOVYN

6c

TSRS




Leading edge

Dashed lines indicate undeflected wing
Heavy solid lines indicate vibration mode

Fraction of Normalized deflection at y/, =
chord

0 0s10 | 0430 | 0450 | 0,70 | 0.90 | 1.00

0«00 00055 016 ".095 -.327 -ohhg 0315 «926
25 W012( «,02)y| =122 -,291| ~.315 512,960
.50 [¢] "-035 -0158 -0276 -.189 .61’.! 09?8
075 ~0008 -0050 -0209 —028h "0039 '677 0992

1.00 -.307| +.118 | ,705{ 1.000

Trailing edge|«,0L7| =.110| -.276

(b) Second mode.

Figure T7.- Continued.
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Leading edge

Dashed lines indicate undeflected wing
Heavy solid lines indicate vibration mode

Fraction of

Normalized deflection at yj =

chord

0 |[0410 [0s30 ]0.50 | 0,70 { 0,90 |1.00
0600 4,009 | +.032 | 4,248 [ $.532| +.586 | 4541 | 4,151
«25 +.01) | $.050 |- 44203 | +.338| 4.338 ] +.334 | 4.325
«50 4,009 | +,036 | 4,077 0 | =.0hS| +.108 | 4.198
.75 =018 | ~.0L1 | =279 [~ .42 | =006 | =.117 | 4.063
1.00 “1,000 | =,955 | = «347 | —.072

Trailing edge|™.176 | =.298 | =.69]

(¢) Third mode.

Figure 7.- Concluded.
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\\ //
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N S

\\\ rd
\ . . . .-
N7 Dashed lines indicate undeflected wing

N

Heavy solid lines indicate vibration mode

Fraction of Normalized deflection at y/4 =

chord

0 0,10 | 0,30 | 0.57 | 0.78 [ 0,90 |1.00

0,00 0 L010| 057 | +226] 71| J6L3| .796

«25 006 026 .070| o280| .SLEB| .726}] .878

.50 .013 «035) L.096| o338 J62L| .783| .923

75 019 LOhl] 215 376 672 .827| 962

1.00 08| J70L| L8601 1.000

Trailing edge | .029 0571 .137

(a) First mode.
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Figure 8.- Representative mode shapes of wings 1 to 5 with nacelles in the normal configuration

with model mount restrained.
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Dashed lines indicate undeflected wing

Heavy solid lines indicate vibration mode

Fraction of

Normalized deflection at y/¢ =

chord

0 0410 | 0430 | 0.57 | 0.78 | 0,90 | 1.00
0.00 0,010 028 | 4130 | +2L0( +150| =.2LO} =190
025 uOlO 0026 0115 0170 -.OhO °0370 "0560
050 0010 0020 '070 0 ‘.255 -0520 -.660
<75 =010} =.025 | =.070 | =240 | =.530) -,700] ~.780
1000 -06110 -0830 -0900 &-000

Trailing edge | =.110| ~.160 | -.300

(b) Second mode.

Figure 8.- Continued.
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Leading edge

he

Dashed lines indicate undeflected wing
Heavy solid lines indicote vibration. mode

Fraction of Normalized deflection at y/¢ =
chord

| 0 ]0.10 | 0430 | 0.57 | 0,78 |0.90 | 1.00
0.00 00532 '291 "018’4 "’-hoh 0129 0565 1.000
25 .178] .0LB8| -.226] -.hoh| 123 | .5h8| 1.000
.50 0 | =e065| =e313 | = Jih5 | o084 | 4526 1.000
.15 ~o0UB| ~e129| =136 ] =8Bh9 | 016 | .500| 1,000
1000 . '0887 ‘0097 oh?? 10000

Trailing edge | =.097| ~.258} =.69k
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(¢) Third mode.

Figure 8.-'Continued.
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Leading edge

____ =
——————————— =
\\\- \\\ (:;
N N
NN §
N )
Ui
B
QOO} ()Y
Dashed lines indicate undeflected wing
Heavy solid lines indicate vibration mode
Fraction of Normalized deflection at y/¢ = -
chord
0 | 0410 | 030 | 0.57 | 0478 | 0,90 | 1,00

0.00 0.052 0083 277 .h15 'ooﬁz 0283 0631

L] 25 0022 0077 L) 215 019,-1 e Oh3 0383 0692 '

050 0015 00,46 o077 'olsh 0 cll62 0769

075 -.025 -0068 -02,46 -0538 0077 .569 ) .861

1.00° =1,000 | 4200 .661] 954

Trailing edge| -.200| =.415| =,923

(d) Fourth mode. Nt

Figure 8.- Concluded.




Leading edge

et T S —

Dashed lines indicate undeflected wing
Heavy solid lines indicate vibration mode

S ~
—— ——-——_-_: S '-b\ \ _____ B \_\ -
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N - = = N
A = ——— \\\ ”’\ >
Oof _ Py o - -
obo — - ~ N ~
g4 h-<as N ot
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~
7
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,/’
Fraction of Normalized deflection at y/¢ s
chord
0 0,10 | 0,30 | 0,50 | 0,70 ]| 0.90 |1.00
0400 0.002| .003| +023| .090 | +215| hh9| 767
*25 004| J009{ .038| .115{ .21 | .509 | .818
«50 o0067 L013| .O5h] «1h3] .276) .580) .8B1L
.75 .009] .020| LOT1} .166| .310| .66 | k6
1.00 192 | o357 | 4719 }1.000
Trailing edge| .023| ,038} .o%h

Figure 9.- Representative mode

shapes of wings 6 to 9

(a) First mode.

restrained.

without nacelles with model mount
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Leading edge

Doshed lines indicate undeflected wing
Heavy solid lines indicate vibration mode

Fraction of Normalized deflection at y/z -
chord

0 0,10 | 0430 | 0.50 | 0,70 | 0,90 [1.00

0000 0.133 .OMJ ‘0133 ‘cBO,J e hOO 0138 ;571
025 0051 -0036 ‘a187 -.320_ e 291 '269 .700
050 "0029 --080 -0207 -'30,4 -.213 .382 ‘807
075 "00)49 '010,4 “e 233 "030h ‘0129 0’498 ‘929

1.00 -0398 -.069 058& 1.000

Trailing edge | =.100| =.176| =.32}

(b) Second mode.

Figure 9.~ Continued.
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Leading edge

Dashed lines indicate undeflected wing
Heavy solid lines indicate vibration mode

Fraction of Normalized deflections at y/¢ =
chord

0 0410 | 0430 | 0450 | 0,70 | 0.90 |1.00

0,00 +,0L0 | 4145 | #4352 | 471 | 4.456 | +.3L6 | 44291
.25 40055 | 4,123 1 4,251 | +.297 | 4.260 | 4.216 | 4154
<50 +4022 | 4,099 | #,062 | =077 | =150 | =100 |=~.080
075 -QO}JO -0099 -0260 -ohlo ‘.,408 .9220 ".172
1,00 1,000 | =670 | =282 | =176

Trailing edge | =220 | =454 | =910

(¢) Third mode.

Figure 9.- Concluded.
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Leading edge I.'.."
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NSy == TN A e - -

/? AN ~ - - ~ _ -
Ooy N S N P
RO X R -
fv B - ~ _ -
- 2 ~N ~ // -
N
~N' N P
P
\\ //
N //
g Dashed lines indicate undefiected wing
Heavy solid lines indicate vibration mode
Fraction of Normalized deflection at y/z =
chord
0 0410 [ 0.30 | 0.57 | 0.78 | 0,90 |1.00

0,00 .003 L0181 4057 | +2h3] o553 .753 | .908

25 002 $022 | 075! 42901 .59L| .789 | .938

50 «001 0261 0931 .332| .637| .82L | .965

.75 0L | L0351 J119| .378) L667| JBLG| 982

1,00 D13 | 695 | .868 | 1,000

Trailing edge | .003 053] a1

(a) First mode.

Figure 10.- Representative mode shapes of wings 6 to 9 with nacelles in the normal

configuration with model mount restrained.
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(o) — - ~ . -~ -
bord N - ~ Ny N - -
- N ~ P P
N
~N 7
N e
D ’~ Dashed lines indicate undeflected wing
~
\\\ . Heavy solid lines indicate vibration mode
’d
Fraction of Normalized deflection at y/4 w
chord
O | 0410 | 0e30 | 0e57 | 0478 | 0,90 | 1,00
0.0 =e03L| =o0L7 | =a102 | =275 =4120) 238} .428
«?25 <o03L | =eOU7 | =e095 | =175 | 092 J52) .726
»50 =0l | =029 | =082 [ .030| 375! .606] .809
o75 0 D07 OLh9 | 257 .562| .735] .87k
1.00 4551 .7251 L8811} 1.000
Traili.ng edge ooha 0075 01’49

(b) Second mode.
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Figure 10.- Continued.



Leading edge

Dashed lines indicate undefiected wing
Heavy solid lines indicate vibration mode

Fraction of Normalized deflection at y/e =

chord

0 | 0.0 | 0.30 | 0.57 | 0,78 | 0.90 | 1.00 _
0.00 --1’47 '.29’4 "0’485 "0600 "‘.Oho 0603 o779
25 <132 =.27h| =168 | ~525] +,090| 588} 779
+50 =07k | =e221] =41kl | 4520 0 ST JTTh
.75 =088 | =,221) =482 | -.610| -.120]| .526| .756
1.00 -.920 "02’40 .’406 0756

Trailing edge | =500 | =.712|=1,000

(¢) Third mode.

Figure 10.- Continued.
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Leading edge

Dashed lines indicate undeflected wing
Heavy solid lines indicate vibration mode

Fraction of Normalized deflection at y/¢
chord ;
0 | 0.10 | 0430 {0.57 | 0,78 | 0,90 |1.00
0.00 -.28,.1 ‘0155 0091 0130 0060 0290 0615
025 -.19.1 "‘.030 QOBl -.100 -co,.ls 03,41 0673
50 =e02L | ~,00L[ =408 [ =4230| =050 4394 | .75k
075 ‘001!4 “0053 ‘0239 "0375 "0055 0,452 .861
1.00 =e590 | =4060 | 452k | 1.000
Trailing edge | =.050 | =.146]| =443

(d) Fourth mode.

Figure 10.- Concluded.
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Dynamic pressure, psf

Open symbols - no flutter
Solid symbols - flutter
4000 O Wing without nacelles - mount restrained
019 00 Wing with normal nacelle config. - mount restrained
o A Wing without nacelles - mount free to roll
7 Vv Wing with normal nacelie config. -mount free
5 to roll
0O Win ithout nacelles - nt f to t late
3500 i 6 ‘IQWI. ut nacelles - mou ree o transla
12 20 U Wing with normal nacelle config. - mount free
13 to translate
a4 D Outboard nacelie at .25 chord - mount restrained
Q Outboard nacelle at .25 chord- mount free
000 to rotl
3 -
R { Outboard nacelle at 50 chord-mount restrained
L 43)
s
2500 %
3
2
6 L JE
15
l
2000F
87
10
1500 N :
1.0 1.3 164 20

Figure 11.- Experimentally determined flutter characteristics of wings under all conditions
Numbers beside symbols identify data points in table VII.

tested.

Mach number
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3.2 ,
3l
QO Wwing without nacelles - mount restrained /
2.8 O wing with normal nacelle configuration-
mount  restrained i
o
Open symbois - no flutter ,/
Solid symbols - flutter /
24
Vv
2.0 e
L’
yd
bm‘l P
3 ﬁ7|5 21
< i
/ 2
\\ 8 /
I
1.2 \"./ ,/'
A
.8
-~
4
9 ar _r
4 o) 20
1.0 13 164 20 3.0
Mach number

Figure 12.- Variation of altitude-stiffness parameter with Mach number.

identify data points in table VII.

Numbers beside symbols
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